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12. 
AN INVESTIGATION OF THE 0.0091 SCALE EXTERNAL
 
TANK OGIVE NOSE (MSFC MODEL 470) IN THE
 
MSFC 14 INCH TWT TO DETERMINE THE PRESSURE 
DISTRIBUTION AROUND THE EXTERNAL 
TANK NOSE (TA3F) 
by 




A wind tunnel pressure test of the Space Shuttle External Tank Nose, 
TWT 609, was conducted in the MSFC 14" by 14" trisonic wind tunnel during 
October of 1974. The model was a 0.0091 scale representation of the 
ogive nose section of the External Tank with nose cap and lightning rod 
and protuberances. The designation MSFC model #470 has been assigned 
to the model and its support hardware. The NASA test series number is 
TA3F. The primary purpose of the test was to determine the pressure 
distribution around the nose cap. Pressure data were also obtained 
along the ogive nose.
 
Data were obtained over an angle of attack range of + 5 degrees and 
over a Mach number range of .6 to 4.96. The Reynolds number per unit 
length (ft.) ranged from 4.1 x 106 to 4.96 x 106. There were 22 pressure 
ports in a single row. Circumferential positions of 0, 22.5, 45, 67.5 
and 90 degrees were simulated by rotating the model. The LO2 feed line 
and LO2 recirculation line were simulated. The effects of the nose 
spike were investigated over a range of Mach numbers. 
* MSFC [ii 
**NSI 
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EFFECT OF RADIAL LOCATION ON PRESSURE (A) X/L, MACH, ALPHA 1-308 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE (B) THETA, MACH, 
ALPHA 
309-462 
EFFECT OF ANGLE OF ATTACK ON PRESSURE (B) ALPHA, MACH 463-479 
PLOTTED COEFFICIENTS SCHEDULE: 
(A) CP VERSUS THETA 







Cp CP pressure coefficient; (pl-p)/q 
ET External Tank 
£B LBODY length of the ET in. 













freestream dynamic pressure unit 
Reynolds number per unit length 
freestream total temperature (0F) 
psi 
deg. 
X distance from nose of Tank model in the 
negative Y. direction 
in. 
XTYT'ZT tank stations; (see Figure 1) in. 
Xi B /L longitudinal location of pressure measure­
ment, expressed as a fraction of the ET 
length, measured from the ET nose 
GREEK SYMBOLS 














SYMBOL SYMBOL DEFINITION 
o orbiter 
t total conditions 
T external tank 






The Space Shuttle External Tank as defined by reference drawing
 
VL78-000062B (see Figure 2) has a 610-inch radius ogive nose with a nose
 
cap and lightning rod. This nose cap contains the vent valves for the
 
ET LO2 tank. In order to perform analytical venting analyses it is de­
sirable to know the pressure distribution around the vent as accurately
 
as possible. A pressure test was thus conducted to determine the pressure
 
distribution around the ET nose cap. Pressure taps were also located on
 
the ogive to give the entire distribution of pressures around the nose.
 
The ET model included the forward ogive nose section, the nose cap
 
and lightning rod, the LO2 feed line and L02 recirculation line protub­
erances, and a short portion of the ET cylindrical body. The aft end of
 
the model corresponded to tank station, XT = 923.54. Model scale is
 
.0091. This model size gave a tunnel blockage of 3.6%.
 
Local pressure data were obtained for Mach numbers of .6, .8, .9,
 
1.2, 1.46, 1.96, and 4.96. The angle of attach range was from -5 to +5
 
degrees in 1 degree increments. Additional runs were made at Mach
 
numbers of 1.96, 3.0, 4.0 and 4.96 and angles of attach of 0 degrees and
 
+10 degrees. Table I gives tunnel flow conditions for the test Mach
 
numbers. A run schedule is shown in Table II. Runs were made with and
 




MODEL AND SUPPORT HARDWARE
 
The ET pressure model, MSFC model #470, was a .0091-scale repre­
sentation of the ogive nose and forward section of the ET. Only that
 
portion of the ET forward of full scale XT station 923.54 was modeled.
 
This gave a total model length (including lightning rod) of 5.681 inches.
 
Model diameter was 3.000 inches. Figures 5 and 6 show installation pho­
tographs of the model.
 
There were twenty-two, .032 inch O.D. pressure ports located on the
 
nose cap and ogive. Seven ports were on the nose cap, five on the upper
 
surface. Two ports were located on the lower surface because of a lack
 
of space on the upper surface. The remaining ports were distributed
 
along the length of the ogive nose with some corresponding to ports
 
located on past ET models. The model and associated pressure ports can be
 
seen in Figure 3. Table IV gives the port number along with the X and
 
X/.B position. The two ports on the lower side of the nose cap are
 
numbered 2 and 4.
 
The external protuberances that are located on the ogive nose (see
 
Figure 2) were also modeled. The protuberances are the LO2 feed-line and
 
L02 recirculation line combined. Model drawings of the protuberances are
 
shown in Figure 4.
 
In order to obtain data for circumferential pressure distributions
 
in the first quadrant of the nose, the model was rotated but the nose
 
protuberance was held in the same position relative to the wind tunnel.
 
Since the pressure distribution was required every 22.5 degrees, holes
 
were drilled and tapped in the model every 22.5 degrees from the initial
 
7 
MODEL AND SUBPORT HARDWARE (Concluded)
 
position of the protuberance (=0 degrees to a point 90 degrees away).
 
The direction of rotation of the model was clockwise when viewing it from
 
the rear. This did not simulate vehicle roll but gave the pressure dis­
tribution at 0 degrees roll angle. Because of the lower two ports, the
 
protuberance was also placed in the third quadrant and the model rotated
 
as noted above. By determining the proper combinations of protuberance
 
location and angle of attack, the data from the two lower ports were com­




The model was supported by a .875-inch diameter sting that was
 
built integral with the model. The sting is shown in the model drawing
 
of Figure 3. Sting deflections were considered negligible because of the
 
relatively large sting diameter, the small angle of attack range, and the
 






Eight scanivalves equipped with 50 psia pressure transducers were
 
required to monitor the 22 pressure ports on the ET model. The location
 
of these ports and corresponding tubes by number are shown in Table IV.
 
Table V shows the correlation between port number and scanivalve position.
 
Port numbers were labeled with a tag on each tube.
 
In addition to configuration photographs, flow visualization photo­
graphs (shadowgraphs) were made at 0, 5, and 10 degrees angle of attack.
 
These runs are noted'by a /9 in the rdn schedule of Table II.A. Two of
 
these photographs (with and without spike at M = 1.96 and a = 50) are
 






Two configurations were investigated during the test. They con­
sisted of the external tank nose alone and with the lightning rod nose
 






The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is
 
an intermittent blowdown tunnel which operates by high pressure air flow­
ing from storage to either vacuum or atmospheric conditiong. A Mach
 
number range from .2 to 5.85 is covered by utilizing two interchangeable
 
test sections. The transonic section permits testing at Mach 0.20 through
 
2.50, and the supersonic section permits testing at Mach 2.74 through
 
5.85. Mach numbers between .2 and .9 are obtained by using a controllable
 
diffuser.- The range from .95 to 1.3 is achieved through the use of plenum
 
suction and perforated walls. Mach numbers of 1.44, 1.93 and 2.50 are
 
produced by interchangeable sets of fixed contour nozzle blocks. Above
 
Mach 2.50 a set of fixed contour nozzle blocks are tilted and translated
 
automatically to produce any desired Mach number in .25 increments.
 
Air is supplied to a 6000 cubic foot storage tank at approximately
 
-40OF dew point and 500 psi. The compressor is a three-stage recipro­
cating unit driven by a 1500 hp motor.
 
The tunnel flow is established and controlled with a servo-actuated
 
gate valve. The controlled air flows through the valve diffuser into the
 
stilling chamber and heat exchanger where the air temperature can be con­
trolled from ambient to approximately 180 0F. The air then passes through
 
the test section which contains the nozzle blocks and test region.
 
Downstream of the test section is a hydraulically controlled pitch
 
sector that provides a total angle-of-attack range of 200 (+100). Sting
 






TEST FACILITY DESCRIPTION (Concluded)
 
The diffuser section has movable floor and ceiling panels which are
 
the primary means of controlling the subsonic Mach numbers and permit more
 
efficient running supersonically. The sector assembly and supersonic dif­
fuser telescope into the subsonic diffuser to allow easy access to the
 
model and test section.
 
Tunnel flow is exhausted through an acoustically damped tower to
 
atmosphere or into the vacuum field of 42,000 cubic feet. The vacuum
 
tanks are evacuated by vacuum pumps driven by electric motors rated at a
 
total of 500 hp.
 
Data are recorded by a solid-state digital data acquisition system.
 
The digital data are transferred to punched cards during the run to be
 






A set of twenty-two static pressure measurements were recorded on
 




Cp = (PI - Vq 
A separate computer program was written to collate the pressure data
 
from ports 2 and 4 with the pressure data of other ports. The resultant
 
data plots show a continuous pressure distribution for each longitudinal
 
and circumferential location. The data listed for a circumferential
 
location of 0 degrees and at -5 degrees angle of attack will contain
 
values for ports 2 and 4 taken from data at a circumferential location of
 
180 degrees and -5 degrees angle of attack. The relocation of data for
 




Plots of the pressure coefficients versus both longitudinal station
 
(Cp vs. X/ZB) adif circumferential location (Cp vs.O) are presented for
 
each of the Mach numbers, angles of attack, and roll angles. Tabulated
 
data of the pressure coefficients, longitudinal stations, and their cir­
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TEST* TWT 609 1 1DATE" 10/11/74 
TEST CONDITIONS 
MACH REYNOLDS DYNAMIC STAGNATION STAGNATION 
NUMBER NUMBER PRESSURE TEMPERATURE PRESSURE 
(per unit length) (pounds/sq. Inch) (degrees Fohrenhelt I ( Pounds/sq inch) 
0.6 4.97 x 10'/ft 4.32 101 22.0 
0.8 5.94 6.46 101 22.0
 
0.9 5.27 7.40 
 101 22.0
 
1.2 5.67 9.14 
 101 22.0
 
1.46 5.54 9.48 99 22.0 
1.96 7.04 10.27 103 28.0
 
3.0 3.17 10.37 144 60.0
 
4.0 6.25 5.53 
 139 75.0
 
4.96 4.23 2.56 127 75.0
 
BALANCE UTILIZED N.A. (See instrumentation section) 
COEFFICIENT 













COMMENTS Pressure test; ight scanivalvs with 50 psia pressure 
transducers.
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MODEL COMPONENT: BODY - ET NOSE 
GENERAL DESCRIPTION: EXTERNAL OXYGEN-HYDROGEN TANK NOSE CONE WITH NOSE 
PROTUBERANCE 
MODEL SCALE = .0091
 
DRAWING NUMBER: VL78-0000622 
THEORETICAL ACTUAL MEASURED 
DIMENSIONS: FULL-SCALE MODEL SCALE MODEL SCALE 
Length , IN. (NOSE @ XT=298) 624.835 5.681
 


















MSFC - ForMT 263-6 (Febniary 1972) 
TABLE IV. 
PORT NUMBER LOCATION 
Port Number Model Long. Sta. X/ZB* 
1 .2813 .0164 
2 .3054 .0178 
3 .3383 .0197 
4 .3796 .0221 
5 .4250 .0248 
6 .471 .0275 
7 .521 .0304 
8 .611 .0356 
9 .661 .0386 
10 .711 .0415 
11 .761 .0444 
12 .841 .0491 
13 1.001 .0584 
14 1.161 .0677 
15 1.321 .0771 
16 1.459 .0851 
17 1.597 .0932 
18 1.813 .1058 
19 2.029 .1184 
20 2.245 .1310 
21 2.869 .1674 
22 3.169 .1849 











POSITIVE DIRECTION OF FORCE COEFFICIENTS, X
 
MOMENT COEFFICIENTS,AND ANGLES ARE Xm
 




Figure 1. - Body and Missile Axis Systems. 
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PROTUBERANCE LOCATION GnX 
(p .-oIII .C34 ( 
(ORIFICE LOCATIONS) 
= 4> !j61 .bl77 
a.O75 I IsR 
- -Z475 Z S\ 
SECTION LOOKING AFT I 
9: Zfl2.BO 
e--180' 
LONG. STA. X (in.) X/kB 
a O 
NOTE: 0 Denotes longitudinal locations of 
Theta (e) denotes circumferential orifice 
. ,ONIA. location. Simulated by rotating the 
model and moving the nose protuberance 
to keep it in the same position 
7q( o-2. relative to the tunnel. 
305 4 .01-78 kB* is the entire ET model body
length, 17.143 inches. 
LIGHTNING ROD AND NOSE TIP 
Figure 3. Orifice and Nose Protuberance Location. 
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APPLICATION 
Figure 4. Nose Protuberance, L02 Feed Line and L02 Recirculation Line Combined.
 
Figure 5. Installation Photograph of ET Nose with Lightning Rod (Nose Spike), 




Figure 7. Flow Visualization Photograph of Nose at M 1.96 and a -50 (with Lightning Rod). 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG0OI)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
 























MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP CBIGO01)
 
SYMBOL X/L 
0 .058 [] .068 o .077 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
X/L ALPHA MACH 
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MSFC TWT 609 (TA3Y) 
X/L ALPHA MACH 






ET NOSE WITH NOSE CAP (81GO01) 
BETA 
PARAMETRIC VALUES 
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SYMBOL X/L ALPHA MACH PARAMETRIC VALES 
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0 









0 25 50 75 100 125 150 175 200 
THETA 
225 250 275 300 325 350 375 
EFFECT OF RADIAL LOCATION ON PRESSURE 
PAGE 72 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BGO05)
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO05)
 
SYMBOL 	 X/L ALPHA MACH PARAMETRIC VALUES
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIG005)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BiGO05)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP CB1GO05)
 
SYMBOL X/L ALPHA MACH PARAETRIC VALS 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
SYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BGO05)
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP CBGO05)
 
PARAMETRIC VALUESSYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGO05)
 
SYtSoL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BG005)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
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MSFC TWT 809 (TA3F) ET NOSE WITH NOSE CAP (81GO06)
 
SYMBOL 	 X/L ALPHA MACH PARAMETRIC VALUES
 
0 	 .8 -. 040 .598 BETA .000 PHI .000 
0 	 .08 
0 	 .077 







2.5'_ 	 _ 
2.0­




......	 __ me .. C C 
0 25 50 75 100 125 150 175 200 
THETA 
225 250 275 300 325 350 375 
EFFECT OF RADIAL LOCATION ON PRESSURE 
PAGE 143 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGOOS)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BlGO06)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (81G006)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGOOS)
 
SYMOBL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT G09 (TA3F) ET NOSE WITH NOSE CAP (BIGOOS)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGOOS)
 
PARAMETRIC VALUESSYMBOL X/L ALPHA MACH 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
SYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGOO6)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT G09 CTA3F) ET NOSE WITH NOSE CAP (BIGOOG)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUS
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (81G006)
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP CBIGO07)
 
PARAMETRIC VALUESSYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP CB1GO07)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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SFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (B1G007)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIG007)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIG007)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (B1G007)
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (61G007)
 
SYMBOL X/L ALPHA MACH 	 PARAMETRIC VALUES
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PARAMETRIC VALUES
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO07)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (C1G007)
 
SYM8OL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG007)
 
PARAMETRIC VALUESSYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BGO07)
 
SYMBOL 	 X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (B1GO07)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL X/L ALPHA MACH 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO08)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALES 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGO08)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP [B1GO08)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES
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0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 
THETA 
EFFECT OF RADIAL LOCATION ON PRESSURE 
PAGE 305 
MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIG011)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALUES 














... .. . ... .. . . ---.-.. -'-.-. 
.
3 5 . .
 

















MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
X/L ALPHA MACH 





3 .5.10 ... . . . . . . . . '........ . . .... ....... 
(BIG011) 
PARAMETRIC VALUES 
BETA .000 PHI 







0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 
THETA 
EFFECT OF RADIAL LOCATION ON PRESSURE 
PAGE 307 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG011)
 
SYMBOL X/L ALPHA MACH PARAMETRIC VALES 






0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 
THETA 






MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 












.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA HACH 













.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 











MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 





180.0003 . 5 ,1.. . . . . . . , . . . . . . I . . . . . . ... . 
CEIGO01) 
BETA 
o i . . 
PARAMETRIC VALUES 
.000 PHI 







.02 .04 .06 .08 .10 .12 .14 .16 
X/L 



























.02 .04 .06 .08 .10 .12 .14 .LS .18 
X/L 
EFFECT CF LONGITUDINAL POSITION ON PRESSURE 
PAGE 312 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGOO1) 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 













.02 .04 .06 .08 .10 .12 .14 i6 .18 
X/L 







MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 












.. .. .... .... 
.... fill[ 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
I I 
.12 
I II I 
.14 





MSFC TWT 609 CTA3FJ ET NOSE WITH NOSE CAP (610001)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000

















I,5 t ,,,4,W ,,,,,, W 













MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 







.000 PHI .000 
3.0 
2.5---------------------------------------­






.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3P) ET NOSE WITH NOSE CAP (BIGO01)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000






















MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG001)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 










- - _-. 5- -A _ - - - - - ­
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 318 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO01) 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 
0 .000 -5.040 1.967 BETA 000 PHI .000 
0 22.500 








.02 .04 .0 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 







.000 PHI .000 




_l I I I I l i l I I*,* n IIn 4- 1 ,,,,,,,, 
.02 .04 .06 .08 .10 .12 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
,,,, ,,, 
.14 
-l l II 
.IG 
PAGE 
__~lq I l 
.18 
320 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGOO)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 

























MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP CB13O01)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 






























BETA .000 PHI .000
 
SYMBOL THETA ALPHA MACH 














3 . 5 '.. . . . . . . . . . . . . . . . . . . . . . . . ... .... 
3.0 
2.5 










MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO02)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 








2.5 - -- - - - _ 
2. ­
0~~ 1.5- _u 
'.5­
_10-----------__-








MSFC TWT G09 (TA3F) ET NOSE WITH NOSE CAP CBIG002)
 
PARAHETRIC VALUES



















.02 .04 .06 .08 .10X/L .12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 325 














-4 040 .800 









.02 .04 .0S .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 
2.5 ------ - - - - __ 
2.0-
C-) 
.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 327 
MSFC TWT 6O9 CTA3F) ET NOSE WITH NOSE CAP CR1G002)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 







•.02 .04 .08 .08 .1Q 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP CBIG002)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 



















_ ,, __ ~_ 













MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 




35. . .. . . . .. . . . . . . . . . . . . . . I. . . . 
(BIG002) 
PARAMETRIC VALUES 
BETA .000 PHI 







.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 









MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 









BETA .000 PHI .000 




.02 .04 .06 .08 .10X/L .12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 331 





















-. 5 _ 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BiG002)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000














.02 .04 .05 .08 .i0 .12 .14 .iG .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 333 
MSFC TWT G09 (TA3F) ET NOSE WITH NOSE CAP (BIG002)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 












-.5 - - - - _ _ 
.02 .04 .0 .08 .10 .12 .14 .16 .18 
X/L
 










MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 





180.0005 Tn i - rli-- ri-mr1 ri-mr -rrr fil ri-m -i-m ,-i-ni ri-ii rr-
(B1GO02) 
PARAMETRIC VALUES 
BETA .000 PHI 









.02 .04 .06 .08 i10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 335 
MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (21G0023
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 








-n-n -niir i--,l -nill -1rt- -nrr rni i -i-i- i-iii ri-i -ri--ri i-rii -i-ii -i-ri i1i-ii -i-li-i -rr­
3.5 
2.5 













MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (B1GO03)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 







 s o. ooo
 
~ 90.000






i, r r trfl rit rrf i l i-ir-ir-rin r- i-i ii- ii- -irrr r , , i-i-i-I r i-rrr 
)) r 
1. 0. . .. . . . .. ..
 













MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 










3 5 ..0 .. ..0. . 
3.0L 
.. ,. I 12. 4.1 1 
.5 
-. 5 - - - - - - - - - - - -
.02 .04 .06 .08 .10 
X/L 

















MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 






3 .5' Pii rLrIrr1 iiIrIrr1 1Irr i rrrIrrr Ir-rrIrrrIrIr I1 IIrr 
CBIGO03) 
PARAMETRIC VALUES 





.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 339 




0 202.500 -3.060 .799 BETA .000 


















.02 .04 .06 .08 .10 .12 .14 .16 .18
 X/L
 




MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP C81G003)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000



















.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 341 





















u 2.5-*_ _ _ 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
.12 .14 IG .18 
PAGE 342 





BETA .000 PHI .000

SYMBOL THETA ALPHA 












0~ 1.5- 1 1 

rrrr rn-I -n-c rn n- i i-i-c ii35 n n ... .... -rn- -f-rn rrr i- rrr in-c -cc ii-- ffc 
1 .0 
0­













MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 













.02 .04 .06 .08 io0 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT G09 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 














,,,r ,,, ,,ril 
.0...O 
-rrrr rrrr rrrr 
. .8 . . 
-r,1-rr111 
O.1.t 
rrrr -rrrr rrrr r - r 
I. 




.02 .04 .06 .08 .10 
X/L 











MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (B16003)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 








-. 5 -- _
 
.02 .04 .08 .0861 1 1 1 1
 











MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 





.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 347 

















.000 PHI SU 




.02 .04 .0 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO03)
 
SYMBOL THETA ALPHA MACH ,PARAMETRIC VALUES 
















.02 .04 .06 .08 .10 .12 .14 .16 .18
 
X/L 




MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGO03)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 










.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 350 
MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BGO04)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 
0
ol .0O00 22.500 -2.040 .598 












.Ll-l. . ..tJt- L ± . .... L.. . .. ... .. . .. . > * ... .... .... .... . I .....J . . A A ± 1L Ut M + W - . .. 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 


























.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL THETA ALPHA MACH 













BETA .000 PHI .000
 
.02 .04 .09 .08 .10 
X/L 
.12 .14 .18 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 353 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP CBIGO04)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .0sw








r r -r-r-r-rrr­rr n-r-rr~rrrr3.5' rrrr rr -r -r rr rr 





- - - - - -
- - - - - - - - -
1. 
.5 ~ 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 











MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 





180.0003 -fW-nn Tt1 t r ir -n-n- 1-rn-l -i-n- i-mr n-mr i-I- tl i 
(BIG004) 
PARAMETRIC VALUES 
BETA .000 PHI 






.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 (TA3) 
THETA ALPHA MACH 




ET NOSE WITH NOSE CAP (BIG004) 
PARAMETRIC VALUES 





.02 .04 .oG .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 








MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 












.02 .04 .06 .08 .10 
X/L 
.12 .14 .18 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 357 
















.000 PHI .01 
35 ~ IrrirrrlI r TrIr IrrrI-ri-Tn I LI rrrr -rlr v-,-rr ln- ,-rr lr-nr rrr ,-,­
2.5­
aL 1.5------------------------­




.02 .04 .06 .08 1 .2 .4 .1.8 
X/L 









MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 
3.0 
2.5 ~ _ 
2.0 -- - - -­
.02 .04 .06 .08 .1i0X/L .12 .14 .16G .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 359 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG004)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 











.02 .04 .06 .08 .t0 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL THETA ALPHA MACH 
0 .000 -2,060 1.962 
o 22.500 






BETA .000 PHI .000 
3.0----------------------
-
- - - - - - - - - -
- - - - - - - -
2.0-- -- - - - - - - - - - - - -
0­
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO04)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 
0 202.500 -2.080 1.962 BETA .000 PHI .00c 






3.[ 0... .0..6 ... .... ... . !,8 
.5-__ 
-. 5 -­
.02 .04 .06 .08 .10 .1J46 

X/L 











MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 















.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WIIH NOSL LAW LbItUU6J
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI















.02 .04 .0 .08 .10 .12 .14 .16 .18 
X/L
 








MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 





3.5 rrr rrr 
C[8G005) 
PARAMETRIC VALUES 
BETA .000 PHI 








- _... ,--. _ - . 
0. 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 365 
MSFC TWT G09 CTA3F) ET NOSE WITH NOSE CAP (21G005)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 







.02 .04 .06 .08 .10X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 

















.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EF[ECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 367 
MSFC TWT 609 CTA3F] ET NOSE WITH NOSE CAP (81GO05)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 






- --- - - - - -
2.0­
-. 5---
.02 .04 .08 .08 .10 
X/L 





























3 . .2.. . . .. . . .. ....8. ... .I2 .1 ..... ... 
1.0- 3.0L 
0--------------------­
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 369 

























.02 .04 .0G .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI 000 
2.5 
2.0 
.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 







MSFC TWT 809 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 














.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (81GO05)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 


















.02 .04 .0 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 373 
MSFC TWT 609 (TA3FJ ET NOSE WITH NOSE CAP (BiGO05)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 































MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .0G PHI .000 
3.0-­






.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 






BETA .000 PHI 
3.0­
•.02 .04 .06 .08 .10 .12 .14 .16 .18X/L
 




MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP CB1GCO05)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 


















,02 .04 .06 .08 .10 .12 .14 is 
X/L 





MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO05)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 
0 202.500 -1.040 4.960 BETA .000 PHI .0' 
El 225.000 









.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 





























10- - - -
.C2 .04 oG6 .08 io 
X/L 
.12 .14 .16 .18 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG006)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 






.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 








MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 












5 - -. 
.02 .04 .06 .08 .10 .12 .14 .I6 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 381 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BlOO06)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 














10. 2.4 1 
0 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL THETA ALPHA MACH 
0 .000 -.040 .906 
El 22.500 
0 45.000 











BETA .000 PHI .000
 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 38 
3.0 
















.000 PHI .03 
'. . ..... . . . ..... .
. .............. ... .. ....

2.0- - ­






.02 .04 .06 .08 .10 .12 .14 .16 
X/L
 











MSFC TWT 609 CTA3F) 
THETA ALPHA MACH 






ET NOSE WITH NOSE CAP CBlGO06S 
PARAMETRIC VALUES 




3 5 .. . . .0... . O.0.i. 2. 4.. 8 
1.0 -
.04 OG6 .08 .10 .12 .14 .16 .18 
X/L
 










MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 






BETA .000 PHI .004 





.02 .04 .06 .08 .i0 
X/L 
.12 .14 .16 .18 








MSFC TWT 609 CTA3F) ET NOSE 'WITHNOSE CAP 
THETA ALPHA MACH 














.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 387 
















.000 PHI .000 
3. '............ ..... ............................................ 
2.5­3.0
2.0----------------------------------­
.02 . 4. ..... 10...... . ... ... 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 388 


















\ 180 000 
2.5­
02... .0 I4 .IIO.1.1.I.1 0
3 . ' 




.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 389 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BlG006)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 









.5-_ _ _ __ _ 
0-'­
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 











MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 






3 5 . . . . I... ............ ... .......... .... .... ... .. 
CBIGO6) 
PARAMETRIC VALUES 
BETA .000 PHI 





.02 .04 .06 .08 ,10X/L .12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 391 
I 
MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIG006)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 








.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 392 

























.02 .04 .06 .08 .10X/L .12 .14 .16 18 







MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 




3 5 rrrr1 ,-r-rrl rn-r -rrr ,-r-,-ri--rr i,-irrr~~l -,mr 
(B1GO07) 
PARAMETRIC VALUES 
BETA .000 PHI 
rrrr -irrr ,-rr r l, i­








.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT O9 CTA3F) ET NOSE WITH NOSE CAP (BiGGO07)
 
MACH PARAMETRIC VALUES 
0 000 .900 .001 BETA .000 PHI .000 
M 22.500 




















MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG007)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 













.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 































•.02 .04 .06 ,08 .10 
X/L 
.12 .14 .16 .13 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 397 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG007)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 




3 I.5 I Irr i1- lr-1-F - I-- I-r I1Irrr I I lIlr I-r Ir llIrr . IIlr r Irr 
3.0 - --- __ _ 
.5­
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 










MSFC TWT G09 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 

















.... 0.12, .. .. ... . .6.1 
1.0 -- - - - - - - - - - - -
.02 .04 .06 .08 .10 .12 .14 .186 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
PAGE 399 




































MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 
2.5 -
2.0­
102 .04 .06 .08 .0 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP BIG007)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 






3 5F1 ' lI l . . .. .. . . . .1 I. . .


















MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
SYMBOL THETA ALPHA MACH 
0 .000 .960 1.962 
ol 22.500 
0 45.000 
A 67.50090.000U. o~ooo 
S 180.000 






,rrr rr,-J rrrrl 
.000 




1.0 - __ -
.5-_ _ _ _ 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 











.02 I.. ..I... . .. . . 0 .12-
. .14..I... .. 18. 
.5­
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 










MSFC TWT 609 LTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 














.02 .04 .06 .08 .10 .12 .14 .IG .18 
X/L 







MSFC TWT B09 (TA3FJ Ei 
THETA ALPHA MACH 




NUSE WIIH NUbL UAM LUIbUU/J 
PARAMETRIC VALUES 












.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 










MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 














.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP C816008)
 





















. . ... 
.02 .04 .06 .08 .10 
X/L 


















MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 















.02 .04 .06 .08 .1 .2 .4 .1.8
X/L
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.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 








MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 











• 02.04 .0 ....... . I0.14. 6 1 
.5 COO_ -u - -- -,.---gs 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
















608 CTA3F) ET NOSE WITH NOSE CAP 
MACH 
.900 
-n-n rrrr ,-TT- rrrr -n-r rrrr ri-rr ,rrrr= -rrrr ri-i-
C28G08) 
PARAMETRIC VALUES 
BETA .000 PHI 







.02 .04 .O .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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.000 
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 

SYMBOL THETA ALPHA MACH 






























.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (BIGO08)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 











1.0 -- - - - - - ­















MSFC TWT 608 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 
2.5-o­




.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 


























.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 














.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 





MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (B1GO08)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 













1.05_ - - - - - - - - - - - -
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 60S CTA3F) ET NSE WITH NOSE CAP CB10O08)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 












-.--------- ------------------------- - ­
.02 .04 .06 .08 .10 .12 .14 .18 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGO08)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 




3.0------------__- -- -__- _ 
2.0 - - -~­
u 
1.0­
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 




..,.... ...... ...I. ..... ......I.. .
. .. 

.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (816009)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000









.. .. .. . . ........... .. .. ..
..I..









.02 .04 .b6 .08 .10 .12 14 .16 .18
 X/L
 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 













.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 CTA3FJ 
SYMBOL THETA ALPHA MACH 






ET NOSE WITH NOSE CAP (BIGO09) 
PARAMETRIC VALUES 













.02 .04 .06 .08 .10 .12 .114 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
SYMBOL THETA ALPHA MACH 














BETA .000 PHI .000
 
.02 .04 .06 .08 .10 .12 .14 .1G .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (B1G009)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 










3. .02.. .0.O 0.O.2 1.i.8 
IL 1 .5' 
.02 .04 .06 .08 10 .12 .14 .16 .18 
X/L 











MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 





180.0o3 . 1... .... .... .... . . . . . . .. . . . . . . . 
C(IG009) 
PARAMETRIC VALUES 
BETA .000 PHI 







.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
















ET NOSE WITH NOSE CAP (BIGO09) 
PARAMETRIC VALUES 
BETA .000 PHI 
3. 




1.0 -- - - - - - - - - - - - -
.5­
.02 .04 .06 .08 .10 
X/L 
.EFFECT OF LONGITUDINAL POSITION ON PRESSURE 











MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 
(3.5 2.5­




.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACN 






BETA .000 PHI .OOu 





.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (81G009)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 
0 202.500 2.960 4.960 BETA .000 PHI .00 









.02 .04 .6 o .10 .12 .14 .16 io 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT GO9 CTA3F) ET NOSE WITH NOSE CAP (B1GOlO)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000

















.02 .04 .06 .08 .10 X/L .12 
.14 .1G .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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.5 - L_ 
ma~~~~~~~.. ma..anL afim mm 
.02 .04 .06 .08 .10 
X/L 










MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG010)
 
SYMBOL THETA ALPHA . MACH PARAMETRIC VALUES 








3. .. . ' . . . . . .... . .. . .. .......









.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 CTA3F) 
THETA ALPHA MACH 




ET NOSE WITH NOSE CAP CB1GO1O) 
PARAMETRIC VALUES 





.02 .04 .06 .08 .10 
X/L 
EFFECT OF-LONGITUDINAL POSITION ON PRESSURE 





MSFC TWT G09 (TA3F) ET NOSE WITH NOSE CAP 

SYMBOL THETA ALPHA MACH 























BETA .000 PHI 

_ 
.02 .04 .08 .08 .10 .12 .14 .16 .18 
X/L 










MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 














.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 




3 .5 1 1 ,,1r 1 1 Frrrr I-rl IrrrI ,IIrrrIr I Ir 
CB1GO10) 
PARAMETRIC VALUES 
BETA .000 PHI 






.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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N 90 0oo 






0.. ... ...................... I..... ,....... I.............
 
.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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.02 .04 .0G .08 .I0 .12 .14 .16 .18 
X/L 









MSFC TWT 609 (TA3F) 
THETA ALPHA MACH 






ET NOSE WITH NOSE CAP 81GO10) 
BETA 
PARAMETRIC VALUES 







.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 



























.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (CBGO1O)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 

BETA .000 PHI .000













.02 . .. . .08. .....
3 . . . 4 . ...... ... . 4.. 8 
1 .0
 
-.5- - - - - - - - - - - - - - - ­
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 









MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 
















.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 








MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .000 
3.0----------------------­
2.5------------------------- - _ 


















MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 













E ll---- - - -J-, 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
-
.12 





MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIGOlI)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES
 






























MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 










2.0 -- _ _ 
1 .0 _ 
.5 
.02 .04 .08 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 










MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 















.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG011)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 






























MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 








BETA .000 PHI .00 
3.0 --- - -__ 
1.5 --2 - -- ~ --­
.02 .04 .O8 .08 .I.1.4 
X/L 
.].8 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP (B1GO11)
 
PARAMETRIC VALUES
SYMBOL THETA ALPHA MACH 












-.5 _ _ 








MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 

SYMBOL THETA ALPHA HACH 



















BETA .000 PHI .000
 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT S09 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 






BETA .000 PHI 







.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
.12 










MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 

















.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP (BIG011)
 
SYMBOL THETA ALPHA MACH PARAMETRIC VALUES 




2.5- - _ _ 
3 5 -' . . . .. 0. . . O. 8. 0. 2 1 I 1 
a ~1.5- --­
(-03 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 









MSFC TWT 609 (TA3F) ET 
THETA ALPHA MACH 






NOSE WITH NOSE CAP c[GO1) 
BETA 
PARAMETRIC VALUES 




CLU 1 .5 
1. D "m 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 







MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP 
THETA ALPHA MACH 















.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 








SYMBOL THETA ALPHA MACH 

.000
BETA .000 PHI 















.02 .04 .08 
.... ~~~~ 





.... ....ii t 
.18 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 
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.5. _ _ 
.02 .04 .06 .08 .10 
X/L 
EFFECT OF LONGITUDINAL POSITION ON PRESSURE 




MSFC TWT 609 CTA3F) ET NOSE WITH NOSE CAP CAIGOO)6
 
PARAMETRIC VALUES
SYMBOL ALPHA THETA MACH 

BETA .000 THETA .000
0 -9.960 .000 1.961 

PHI .000





. 02 .04 .06 .08 .10 
XIL 
.12 .14 .16 .18 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 
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3 .. .5 
THETA 
.000 
. . . . . .) 
MACH 
2.990 
1 l4 1 I ~ l I l I I 
I I 1 
BETA 
PHI 




I F I. . .. . . . .. . . 
3.0- -- -- -- _ _ 
2.5 
2.0 - -­
-.1 .5-  
1 .0----- __- - - - - - - - - - -_ 
.5- _ _ _ _ 
.02 .04 .06 .08 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 
.10 
X/L 




- - - - - - - - - -
- - - - - - - - - - - -
MSFC TWT 609 (TA3F) ET NOSE WITH NOSE CAP CA1GO06)
 
PARAMETRIC VALUES
SYMBOL ALPHA THETA MACH 

BETA .000 THETA .000
o -9.940 .000 4.000ol -.040 PHI .000 
o 9.860 
I 
I I I ~ i ~ l 1 i L I 4 I I l 
i- j 1 4 1 
5 1
1I l 5 
3 . 1 111 . i 1 1 1 1 . . . 1 1 






.02 .04 .06 .08 .10 .12 .14 .16 .18
X/L 
EFFECT OF ANGLE OF ATTACK ON PRESSURE
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MSFC TWT G09 CTA3F) ET NOSE WITH NOSE CAP CA1GO06)
 
PARAMETRIC VALUES
 SYMBOL ALPHA THETA MACH 

BETA .000 THETA OLW
 
-9 940 .000 4.960
0 
 PHI .000




. .t l , , .... I....I. .
l ....
i,n ~~I~ ~ll ~ I ~ ~ ~n ~l p ~ ll ~r I ~I ~~ n~ b~~ 











.02 .04 .0 .08 io .12 ,14
X/L 








SY BOL ALPHA THETA MACH 

BETA .000 THETA .000
 

















.02 .04 .06 .08 .10 .12 .14 .16 .18 
X/L 








MSFC TWT 609 (TA3F) ET NOSE W/O LICHININU HUL 
ALPHA THETA MACH 

















.02 .04 .06 .08 .10 
X/L 
.12 .14 .16 .18 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 






MSFC TWT 609 CTA3F) ET NOSE W/O LIGHTNING ROD 
ALPHA THETA MACH 
















.02 .04 .0 .08 .10 .12 .14 .16 .J8 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 
X/L 
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MSFC TWT 609 (TA3F) ET NOSE W/O LIGHTNING ROID AIGIl'J
 
PARAMETRIC VALUES
SYMBOL ALPHA THETA MACH 

BETA .000 THETA








L.34.960 ,1 . JilBO.. 














MSFC TWT 609 CTA3F) ET NOSE W/OLIGHTNING ROD 
ALPHA THETA MACH 














.10 .12 .14 .16 .18

.02 .04 OG .08 
 X/L 





























.02 .04 .0G .08 .10 X/L .12 .14 
.16 .18 




MSFC TWT G09 CTA3F) ET NOSE W/O LIGHTNING ROD 
ALPHA THETA MACH 










BETA .000 THETA .000 
PHI .000 
.02 .04 .06 .08 .10 .12 .14 .16 .18 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 
X/L 
PAGE 473 
MSFC TWT 609 (TA3F) ET NOSE W/O LIGHTNING ROD (AIGI17) 
SYMBOL ALPHA THETA MACH PARAMETRIC VALUES 

























MSFC TWT 609 (TA3F) ET NOSE W/O LIGHTNING ROD 
ALPHA THETA MACH 





i-l-r rrrr- n-rr rrrr ,-rr irrr - , -,-T-rl -r-rr ,-T-1- -rrrrF~ -rT-r 
CA1G117) 
PARAMETRIC VALUES 









.02 .04 .06 .08 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 
.10 
X/L 





MSFC TWT 609 (TA3F) ET NOSE WIO LIGHTNING ROD CA1G123)
 
PARAMETRIC VALUES
SYMBOL ALPHA THETA MACH 

BETA' .000 THETA nl






3 .. 0 . .. . . 8... O. ... .. ... .... ... .. ..2....
 
2.5L 




f L1.5 - ­
0:
 
.02 .04 .D6 .08 .10 .12 .14 .16 .18 
X/L 






MSFC TWT 609 CTA3F2 
ALPHA THETA MACH 
-9.940 .000 2.990 
-.040 
9.860 
ET NOSE W/C LIGHTNING ROL (A1023) 
PARAMETRIC VALUES 











.02 .04 .06 .08 .10 .12 4 .18 .18 
EFFECT OF ANGLE OF ATTACK ON PRESSURE 
X/L 
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MSFC TWT G09 (TA3F) ET NOSE W/O LIGHTNING ROD (AlG123)
 
PARAMETRIC VALUES
SYMBOL ALPHA THETA MACH 

BETA .000 THETA .O
0 -9.960 000 4.000 
PHI .000ol -.040 
0 9.8S0
 












MSFC TWT 609 CTA3F) ET NOSE W/O LIGHTNING ROD (AlG123D
 
SYMBOL ALPHA THETA MACH PARAMETRIC VALUES
 
0 -9.940 .000 4.960 BETA .000 THETA 
 .000 
O -.040 PHI .000 
O 9.860 













EFFECT OF ANGLE OF ATTACK ON PRESSURE
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